Chunking in language comprehension is a process that segments continuous 2 0 3 2 were recorded. The behavioral results showed that the lexical decision time of 3 3 lexicalized two-character local chunks was influenced by the lexical status of 3 4 four-character global chunk, but not vice versa, which indicated that the 3 5 processing of global chunks possessed priority over the local chunks. The 3 6
letters for lexicality in each chunk size ('w' for word and 'n' for nonword). For level. The four types of stimuli are listed in Table 1 . We selected and created all stimuli with following steps. We extracted the 1 4 7
GwLw and GwLn stimuli from a database of Sogou Pinyin (a popular product following criteria at the global level:1) noun 1 ; 2) high-frequency 2 ; and 3) no 1 5 2 duplicative characters (e.g., "高高兴兴", translation: happy). In addition, the 1 5 3
GwLw stimuli satisfied the following criteria at the local level: 1) both two- was from 1 to 5, where 1 stands for unfamiliar strings/nonwords and 5 for 1 7 3 familiar words. The strings that were rated from 2 to 4 were removed and 1 7 4
remained the stimuli that were either very familiar words or very unfamiliar 1 7 5 nonwords in a pool. Eighty stimuli in each condition was randomly selected 1 7 6
from the pool and used in this study. In each trial, participants were first asked to focus on a cross presented at the about the underlined string, either the entire string (global task henceforth) or intervals were randomly selected from a range from 800 to 1000 ms. Four stimuli types (GwLw, GwLn, GnLw, GnLn) were fully crossed with task 1 9 2 types (global task vs. local task) and yield 8 conditions. 320 trials were 1 9 3 included in this experiment. Half of trials were randomly selected and used in 1 9 4
the global task and the other half in the local task. The order of conditions was 1 9 5
randomized. The experimental presentation was programmed on a Python 1 9 6 package -Expy (https://github.com/ray306/expy), which is a software for 1 9 7
presenting and controlling psychological experiments. Behavioral data analysis 2 0 0
All participants had response accuracy exceeding 85%, and the average of responses were removed before analysis. We applied a repeated measures lexicality, local-level lexicality, and task, followed by planned t-tests for testing 2 0 5 specific hypotheses. The same group of subjects participated in the EEG experiment. The EEG 2 0 9 experiment shared the same stimuli list with the behavioral experiment, but 2 1 0 both the procedure and the task are different. First, the display of each 2 1 1 character string lasted for 300ms. Participants were asked to read the 2 1 2 underlined parts of the stimuli (in order to keep their attention on the stimuli), 2 1 3 but they did not perform any lexical decision task. We used all 320 strings with 2 1 4 80 for each stimuli type in the global task and repeated once in the local task. Moreover, 320 four-symbol strings were included as the visual baseline in the 2 1 6 EEG experiment. The symbols in a symbol string trial were randomly sampled 2 1 7
with replacement from four symbols ("□", "△", " ", and "○"). Underlines were 2 1 8 included in the symbol trials similar as in the global and local tasks in 2 1 9 experimental trials. Half of trials were randomly selected and used in global 2 2 0 task and other half in local task. To guarantee participants' attention on the 2 2 1 stimuli, we randomly inserted strings of digits for 100 ms and participants 2 2 2 were asked to report the underlined digits by pressing number buttons on a 2 2 3 keyboard. About forty-eight number-report trials were presented to each 2 2 4 participant. methods to test our hypotheses because multivariate methods can collectively 2 5 0 reflect spatial and temporal information and offer more power to test where 0 stands for identical topographies and 2 exactly opposite patterns.
3 0 2
Note that the cosine distance represents the similarity between the response 3 0 3
patterns in topographies and is free from the difference of response Planned post-hoc T-tests were further carried out in each factor to specify the information affect processing at the local level (Fig. 1A ). In the local task, the 3 4 0 reaction time in GnLw was significantly longer than that in GwLw the global level (Fig. 1B ). In the global task, we didn't find significant information at the local level may leak through to the processing of global 3 5 7 chunks and influence the decision of nonwords. We further test this parallel 3 5 8
processing dynamics in EEG experiment. The reaction times were not different between the trials with underlines either 3 6 7 below the first or the last two characters (p=0.44), suggesting the positions of 3 6 8 stimuli that were relevant to task did not affect response speed. in the same color but at different time points indicate that they are grouped into the same 3 7 8 cluster --sharing similar features but occurring at different times. The temperature of 3 7 9 colors represents the rank of the cluster distance relative to the Cluster baseline (cluster 3 8 0 defined by the baseline period). About 80 ms after stimulus onset, a novel cluster 3 8 1 (Cluster 2nd) appears at the same time across 5 conditions, followed by another new 3 8 2 cluster. However, in the symbol condition the Cluster 2nd appears earlier with much 3 8 3 shorter duration than 4-character string conditions. 3 8 4 3 8 5
We first carried out the clustering analysis to explore the dynamics of ERP clusters were observed continuously in each condition. More importantly, clear temporal profiles were revealed by the clustering 3 9 2 analysis in all conditions. First, the same cluster was observed in the baseline 3 9 3 period till around 80 ms after stimulus onset, as well as the end of epochs 3 9 4
(about 600 ms after onset) among all types of stimuli. The clustering in these 3 9 5
periods was presumably because few cognitive processes that relate to the 3 9 6 stimuli or task were available or manifested in the ERP topographies. Second, 3 9 7 a novel cluster (Cluster 2nd) appeared after 80 ms across 5 conditions. The clustering spanned in similar latencies as N1/P2 components, presumably formed a short gap that broke the early processing into two stages. We underlying processes of chunking operation. To test the hypothesis about the lexical detection in the earliest stage, we 4 3 0 carried out two types of analyses to investigate the lexicality effects GnLn strings that contained no lexical chunks at either level, response comparison correction (Fig. 3a) . However, the difference topographies 4 3 7
showed distinctive patterns of amplitude distribution (higher on left frontal area 4 3 8
and lower on occipital area, highlighted in a red box in Fig. 3a ). Therefore, we GwLn condition as the significant level at p<0.01 for the following 20 ms. The In the clustering results (Fig. 2) , a 'temporal gap' was observed in the early on recognizing letters --suggests that the processing of a word at the global 5 7 6
level interacts with the letter identification (McClelland & Rumelhart, 1981a) .
7 7
This study further demonstrates the influences of phrases on words. Our results expand previous research and suggest that the global-priority mechanism can be applied across multiple levels in a hierarchical manner in information and less internal entropy, which can prevent ambiguity.
8 3
Paralleled processing of chunks at both levels 5 8 4
The behavioral results revealed that the judgement of a non-lexicalized 5 8 5
phrase at the global level was harder when the task-unrelated chunks were 5 8 6 familiar words at the local level. This indicated that the local processing may 5 8 7
be initiated before the finish of global processing. The EEG results further 5 8 8
supported that processing at both levels temporally overlapped --the 5 8 9
response patterns of processing global chunks continued after the start of 5 9 0 local processing responses patterns (Fig. 4 ). This observation of partially processing at different levels. Should processing a chunks exceeds expected 5 9 5 duration, processing of chunks at other levels would occur. Moreover, the 5 9 6 topographic patterns showed left lateralization for processing chunks at the 5 9 7 global level, whereas both hemispheres engaged in processing chunks at the 5 9 8 local level ( Fig. 4 ), suggesting the possible anatomical differences that 5 9 9 mediate the partially temporal paralleled processes at both levels. Based on all results, we tentatively put forward a workflow of processing 6 0 2 multiple-level information in reading (Fig. 5 ). The segmentation occurs in an chunks can launch before the finish of global chunk processing. Hence, the 6 0 9
processes of chunks at two levels have partially temporal overlap that enables 6 1 0 interaction across levels before final integration. The current study investigated the chunking mechanism in reading. grain-size, whereas in the second stage the processing of global level led the 6 2 1 local level, and resulted later in a parallel and interactive process. This study 6 2 2 revealed rich dynamics of chunking operation during reading, which provides
